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ABSTRACT
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Title of Study: Surficial geologic mapping of the Vicksburg National Military Park and
surrounding areas in Vicksburg, Mississippi
Pages in Study 106
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This research has been conducted in Vicksburg Mississippi within the Vicksburg
National Military Park and surrounding areas, to produce four 7.5 minute geologic maps
of the area. The park service prioritized the delineation of geologic resources within the
Military Park, which was achieved throughout geologic mapping. This project provides
new geologic mapping to the Park by updating and integrating existing floodplain maps
with new bedrock and surficial mapping within the four 7.5 min quadrangles. The
objectives were to meet the mandates of the National Park Service and provide new
geologic mapping to Vicksburg National Military Park as well as verify existing maps of
the floodplain, within the time line of August 2014-May 2016. The resulting maps
contribute to improve the understating of the geology within the Military Park, as well as
provide insight to historical understanding, and engineering purposes such mining and
mitigation of slope failure.
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CHAPTER I
INTRODUCTION
1.1

Overview
This research has provided geologic mapping to the Vicksburg National Military

Park and surrounding areas within Vicksburg, Mississippi. Four quadrangles of interest
for this project intersect the park: Redwood, Long Lake, Vicksburg East, and Vicksburg
West. Geologic mapping was done within the boundaries of these four quadrangles,
providing data within the National Park, as well as outside of the Park. The National
Military Park Service has prioritized the defining of geologic resources that are located
within the military Park, this has been achieved though geologic mapping. The resulting
maps contribute to improve historical understanding of the park and advise in areas of
engineering, including mining and mitigation of slope failure. This project provides new
geologic maps to the Vicksburg National Military park by upgrading and integrating
existing floodplain maps with new bedrock and surficial mapping in the four 7.5 minute
quadrangles in and around the Park. The floodplain portion of Vicksburg within the Long
Lake and Vicksburg West quadrangles was mapped prior to the start of this project,
therefore the floodplain portions of these quads only needed to be verified through the
use of Light Detection and Ranging (LIDAR). Additional data utilized in this
investigation have come from geophysical logs, geotechnical logs, cross sections, and
original field mapping to produce the new geologic maps for the areas outside of the
1

floodplain as well as aid in verifying the previously produced floodplain. Primary sources
consulted to create the maps were collected from the National Park Services (NPS),
Mississippi Department of Environmental Quality (MDEQ), and The Army Corps of
Engineers. Data was also collected by Burns Cooley Dennis Geotechnical and Materials
Engineering Consultants, North American Coal, and Mississippi Department of
Transportation (MDOT). The National Park Service provided all NPS Vicksburg data
sets relevant to geologic mapping and data interpretation. Such data sets included, but not
limited to, park boundaries, park infrastructure/facilities, historical data, and more.
1.2

History and Preservation of the Park
The park is 1,728 acres and is the eighth oldest National Park in the United States

(Montrose, 2004). The park was stablished on February 21, 1899, “in commemoration of
the siege and defense of Vicksburg, Mississippi during the American Civil War”
(Montrose, 2004) and includes the Vicksburg National Cemetery which was established
in 1866 (KellerLynn, 2010). The parks preservation consists of reconstructed trenches, a
visitor’s center, forts, cannons, the National Vicksburg Cemetery, and the U.S.S Cairo
gunboat with an associated museum (NPS, 2005). The park also offers a 16 mile tour
with multiple stops which include commentary of the campaign and siege of Vicksburg.
The present day battle field conditions are different than they were in 1863, but
many landscape characteristics remain (Montrose, 2004). Before the Siege of Vicksburg,
settlers had cleared the forested land of Vicksburg for agricultural purposes. During the
Siege, the area was cleared even more to provide defense materials, as well as provide a
line of sight for battles (NPS, 2005). The park is now once again densely forested due to
years of vegetation growth allowed by the Park Service to reduce operating expenses, as
2

well as minimizing erosion by planting trees in 1930 by the Civilian Conservation Corps
(Montrose, 2004; Wiss, 2009). These forested areas are important for wildlife habitat but
are a poor representation of the historic battlefield settings. Only a small portion of the
park has been cleared to give visitors a better visual understanding of the battle that once
took place in 1863 (Montrose, 2004; Wiss, 2009).

Figure 1.1

Vicksburg National Military Park Map

Map showing the outline of the Vicksburg National Military Park with driving route,
provided by the NPS.
3

CHAPTER II
SETTING
2.1

Location
The Vicksburg National Military Park is located within the city of Vicksburg.

Vicksburg is located in west-central Mississippi of Warren County, with the west side of
the city sitting along the bluffs that now mainly bank the southern end of the Yazoo Basin
(Kolb, 1976). The Park sits within four topographic quadrangles with various sections
within Townships 15 through 18 and Ranges 2 through 5, as well as parts of 14 and 15.
The climate of Vicksburg and Warren County is sub-tropical and generally humid
and hot during the months of summer, and mildly cold and humid during the winter, with
the lows remaining well above freezing. Heavy rainfall is common throughout the year,
but less during September, October, and November months (Laswell, 1964).

4

Figure 2.1

Map of the study area

The study area is located in Vicksburg, Mississippi, in Warren County. Data was
provided by MARIS.
5

2.2

Regional Geology
The recent geologic history of the Vicksburg area begins during the Eocene epoch

in the Paleogene Period to the Holocene in the Quaternary, but the areas of interest with
this project focus in the Oligocene Epoch in the Paleogene Period to the Holocene in the
Quaternary (Montrose, 1935). The stratigraphic units within this time frame include, in
ascending order: the Vicksburg group, Catahoula, Pre-Loess terrace deposits, Loess, and
Alluvium. The regional dip of formations is towards the southeast due to the Mississippi
Embayment Geosyncline (Morse, 1941). Dominant geologic controls of the Lower
Mississippi Valley area during the Quaternary included Glaciation, subsidence, climate,
sea level, and tectonism (Saucier, 1994). Neogene (Tertiary) deposits underlie the hills
and floodplain in Vicksburg at varying depths and can be exposed along the bluffs, road
cuts, and some creek beds (Kolb, 1976). Only two of the units within the study area can
be categorized as rock, the Glendon Limestone of the Vicksburg group and the Catahoula
sandstones (Kolb, 1976).
The parks topography varies with hills, ravines, and ridges. Notable topographic
features include 200 foot (60.96 meter) high bluffs along the Yazoo Diversion Canal
(KellerLynn, 2010). The Yazoo River itself is relatively young; The Yazoo River was
established after the Ohio River converged with the Mississippi River north of Memphis,
abandoning the Yazoo Basin (Kolb, 1976). The present day Yazoo River parallels the
Mississippi and meanders about 190 miles south and southwest until it converges with
the Mississippi River at Vicksburg (Kaufman, 2014).

6

Figure 2.2

Geologic Time Scale

Geologic time scale showing when each formation was deposited
2.3

Geologic Controls of the Army
Vicksburg landscape was an essential part of the siege of Vicksburg. The loess

deposits were the core of Vicksburg’s natural defenses, most of the battle of Vicksburg
was fought on the loess surface or within trenches that were dug into the loess (Myers et
al., 2011). The loess topography is controlled by the sub-crop geology, resulting in a
formidable battlefield for military attack. Many military strategies took advantage of the

7

high and steep loess bluffs, much like the historical Fort Hill located within the
Vicksburg National Military Park (NPS, 2005).
Many Vicksburg citizens took shelter underground by digging caves into the
hillsides of the loess to shield them from the persistent shelling from the Federal artillery
during the 47-day siege (NPS, 1997). The loess was easy to dig yet firm enough to hold a
vertical cut that could withstand for many years without great fear of cave-ins and
slumping, providing sufficient shelter for citizens (Bufkin, 2010).
Meander bends have played a significant role in a number of military
engagements. The Mississippi River was important during the Civil War; it was a major
transportation route and also provided military advantage. During the Civil War, the
Mississippi River had a tight horseshoe-shaped bed directly against the bluffs at
Vicksburg, as depicted in Appendix C. In the Vicksburg Campaign, the tight bend of the
Mississippi played a role in battle tactics; the Confederacy controlled the Mississippi
River through its position on the bluffs topped by the loess (Henderson, 2000).
The floodplain was a very inhospitable environment during the Civil War (Myers
et al., 2011). Ulysses S. Grant, commander and chief of the Union army, found this to be
true when he made to attempts to construct a canal to create a man-made oxbow lake, in
order for the Union river traffic to by-pass the cannons from the Confederates on the
bluff of the Vicksburg (Myers et al., 2011). However, the project was abandoned from
problems associated with canal construction, exposures to Confederate artillery, and
unscheduled rise in the river which caused flooding of Grant’s equipment (Kolb, 1976).
Within a few years after the war, the Mississippi River meandered to its current position,

8

located close to Grant’s canal location (Higgins et al., 2001). A portion of Grant’s canal
can still be seen today within the park.

Figure 2.3

Loess Trench

The Loess was utilized during the war to dig trenches, some of these trenches can still be
found throughout the park today.
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CHAPTER III
GEOLOGY
3.1

Vicksburg Group
The Vicksburg group was deposited during the early Oligocene epoch and is

comprised of four units for this research, but is shown as one unit on the Geologic map of
the county (Moore, 1965). For the purpose of this research, the Vicksburg group is
defined to include, in ascending order: the Mint Spring, Glendon limestone, Byram marl,
and Bucatunna clay. Its thickness can range from 103 to 140 feet (31.4 to 42.7 meters)
(Morse, 1941). The Vicksburg group is found in a narrow belt which extends from
Rosefield, Louisiana to western Florida, and overlies the Forest Hill and Yazoo clay
formations in this study area (Coleman, 1978).
3.1.1

Mint Springs Marl
The Vicksburg sequence of this research begins with the basal Mint Spring

Formation, which lies disconformably on the sands of the Forest Hill Formation (Seisser,
1983). As described in Dockery (1982), the Mint Spring was deposited in a transgressive
shallow marine environment; Mellen (1941) determined the thickness to vary from 5 to
25 feet (1.5 to 7.6 meters) thick (Dockery, 1982; Mellen, 1941). The Mint Spring is
Oligocene in age and composes mainly light-greenish gray to dark-gray, fossiliferous,
glauconitic marl and occasional well-rounded sands (Myers et al., 2011). Mellen
described the layer as more permeable than the overlying Glendon Limestone, therefore
10

fossils of the Mint Spring are softer and more friable in comparison to the Glendon
fossils (Mellen, 1942). The sands of the Mint Springs often show cross-bedding. Fossils
of the Mint Spring can be found in the bluffs along creeks in Vicksburg. Commonly
found fossils of the Mint Spring are the Turitella gastropods, these gastropods could only
survive in shallow waters and are used as depositional environment indicators of the Mint
Spring (Personal communication). Other fossils include Callista bivalve, and ray and
shark teeth (Dockery, 1982).

11

Figure 3.1

Mint Spring Marl

Freshly rinsed Mint Spring Marl from drill cuttings with Turitella gastropods.
3.1.2

Glendon
The Glendon Limestone member of the Vicksburg group is exposed in

Mississippi in a belt extending form Warren Country or Wayne County (Whatley, 1950).
The Glendon formation was deposited in a shallow marine environment with a thickness
of 25 to 65 feet (7.6 to 19.8 meters) (Morse, 1941). It is comprised of medium-gray to
12

light greenish gray, hard and rigid ledges of semi-crystalline, fossiliferous limestone (1 to
3 ft), which are interbedded with gray to greenish-gray marl (Myers et al., 2011). Cooke
(1918) noted the fossils of the Glendon are mostly of Bryozoa, Foramanifera such as
Nummulites and Lepidocyclina, and contain abundant amounts of the bivalve Pecten
(Cooke, 1918; Dockery, 1982). When weathered, the limestone has a yellowish-gray
appearance and often has the presence of cavities (Myers et al., 2011). There are multiple
exposures of the Glendon in Vicksburg, many of these exposures occur along the eastern
bank of the Mississippi River and at road cuts along Highway 61. The Glendon can also
be found atop structural uplifts that have raised the beds, such as south of Vicksburg in
Glass where the Glendon has been uplifted due the Glass Dome (Whatley, 1950; Morse,
1941).

13

Figure 3.2

Glendon limestone exposure map

This image shows the Oligocene Glendon limestone exposure through Mississippi.
Modified from (Steponaitis et al., 2011)
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Figure 3.3

Glendon Limestone

Tilted beds of the Glendon Limestone off Highway 61 with recent tallus.
3.1.3

Byram
The Byram Sea occurred after the Glendon Sea during the early Oligocene and

make up the regressive highstand system tract of the Vicksburg group, which
conformably overly the Glendon (Manning, 1997; Dockery, 1982). The Byram formation
has the characteristics of warm shallow marine setting of either a lagoon or bay sediment
(Wilson, 1975; Coleman, 1978). Calcareous species thrived in the high nutrient Byram
Sea including snails, clams, and corals (Morse, 1935). Some specific fossils include
Dentalium, Crassatella, Turbinella, and Turritella, which can be found in almost all
Byram outcrops (Cooke, 1921; Dockery, 1992).
The thickness of the Byram can vary from 25 to 40 feet (7.6 to 12.2 meters) in the
lower portion and 60 to 70 feet (18.3 to 21.3 meters) in the upper portion (Morse, 1941).
The lower portion of the Byram is comprised of greenish-gray to dark-gray, fossiliferous,
15

glauconitic marl and weathers to a rusty yellowish color (Myers et al, 2011). Although
the formation mainly consists of marl, it can also contain thin beds of impure limestone,
clay, and sands in the upper portion (Cooke, 1921).

Figure 3.4

Byram Marl

Byram Marl mollusk shell hash. Image provided by James Starnes.
3.1.4

Bucatunna
The Bucatunna is early Oligocene in age and is the youngest, uppermost member

of the Vicksburg group within this research and is often referred to as the “upper Byram”
(Myers et al, 2011; Dockery et al., 2011). The Bucatunna ranges from 20 to 55 feet (60.1
to 16.8 meters) in thickness and consists of thin bedded clay with some sands (Dockery et
16

al., 2011; Dockery, 1982). The formation was deposited in a regressive estuarine to
lagoonal environment and is composed of light to dark gray, carbonaceous, sparsely
fossiliferous clay (Myers et al., 2011; Morse, 1941). In the study area the clays range
from a stiff, dark organic rich clay to an absorbent clay with alternating beds of fine sand
(Myers et al., 2011). Bucatunna surface exposures are infrequent but are usually exposed
along creek beds within the study area.

Figure 3.5

Bucatunna-Byram Contact

Bucatunna clay overlying Byram marl. Taryn Smith is pointing to contact.
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3.2

Catahoula
Overlying the Vicksburg group is a sequence of sandstones and greenish clays of

the Catahoula (Matson, 1916). The Catahoula is late Oligocene to Miocene in age and
was deposited in marginal marine, fluvial, and deltaic conditions (Myers et al., 2011).
Within the study area, characteristically its thickness has been found to range from a few
inches to 50 or 60 feet (15.2 to 18.3 meters), but according to Morse (1941) there have
been reports of findings at 140 feet (42.7 meters) (Morse, 1941). The Catahoula is
exposed sporadically in Mississippi “in an east-west trending belt approximately 30 to 60
miles wide” (Byerly et al., 1988). The transporting streams that established the formation
had fluctuating velocities, ranging the Catahoula’s textures from clay to fine-grained,
coarse sands, conglomerates, and chert pea size gravels; creating depositional
environments such as point bars, splays, and channel fills (Matson, 1916; Byerly et al.,
1988). Coarse material that was transported by floods, created irregular contacts,
integrating rounded clays into the sands by eroding the surfaces of the preexisting clay
deposits (Matson, 1916). The Catahoula formation is not predominately exposed and only
a few areas are overlain by the formation within the study area (Myers et al., 2011).
The sands are predominantly angular quarts with mica, chert, and heavy minerals.
Sand layers are frequently cemented with opaline silica to form hard layers in outcrops
(Myers et al., 2011). According to Bicker (1969), Catahoula sandstones and sands vary in
color from gray to white, with locally a light-greenish tint. The clays weather white to
brown, exhibiting a “popcorn” appearance. The sands are angular, fine to coarse grained,
cross bedded, and are slightly glauconitic in places and often hardened to sandstones at
the surface. The clays have a wide range in color, from light gray or white to brown or
18

black and are less often interlaminated with sand (Matson, 1916). The presence of
organic matter, wither in the form of thin laminae or distributed particles of lignitized
wood, cause the clays to be darker. Newly exposed clays are soft blue or green but with
weathering, the clays and silts have a mottled red and gray appearance (Matson, 1916).

Figure 3.6

Catahoula Sandstone

Catahoula Sandstone measuring approximately 3 feet (0.9 meters) thick. Located off St.
Michael Pl.
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3.3

Pre-Loess Terrace Deposits
“All sands and gravel deposits not associated with the present-day alluvial plains

are labeled as Pre-Loess Terrace Deposits” (Bicker, 1966). Previous investigations refer
to this unit as the Citronelle, but for this research it is referred to as the Pre-Loess. PreLoess deposits are Pleistocene in age and interglacial in origin, containing large boulders
and cobbles that came down the Missouri, Ohio, and Mississippi Rivers in floating blocks
of ice, knows as ice-rafting (Kolb et al., 1976; Dockery et al., 2008). There were at least
four cycles of glaciation within North America during the Pleistocene. These glaciations
occurred as result of the Pleistocene being a time of climatic cooling with intervening
warm periods (Dockery, 1997).
The Pre-Loess deposits non-conformably underlie the Loess east of the
Mississippi River (Dockery et al., 2008). Its thickness is not precisely determined due to
the lack of complete exposures but it is believed to have a range of thickness between 25
and 50 feet (7.6 to 15.2 meters) (Bicker, 1996). The Pre-Loess comprises of graveliferous
sands that are fine to coarse grained, predominantly quartzose, with pea to large cobble
size clasts; boulder size sandstone clasts are not uncommon. The sands can be red, pink,
orange, purple, or yellow in color and contains numerous clay lenses and petrified wood
(Bicker, 1966). The gravels are predominantly chert but also contain lesser amounts of
vein quartz, metaquartzite, agates, geodes, arkose clasts, sandstone and rhyolite (Bicker,
1969). These terrace deposit stones typically range from Silurian (439 million years ago)
to Mississippian (323 million years ago) in age, but also contain Pre-Cambrian clasts of
rhyolite, sandstone, and sioux quartzite (Dockery et al., 2008). The geologic Bulletin No.
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65 determined the gravel and sands of the terrace deposits reach a maximum thickness of
50 feet (15.2 meters) within the Warren Counties (Brown, 1947).

Figure 3.7

Pre Loess terrace Deposits

Dr. Darrel Schmitz collecting samples of the Pre-Loess gravel.
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Figure 3.8

Loess - Pre-Loess contact

Taryn Smith pointing to a contact with the Loess (Above) and Pre-Loess (Below).
3.4

Loess
Loess is Pleistocene in age and was deposited during the closing stages of

Pleistocene glaciation in the Northern United States (Myers et al., 2011). During the
advance of the Iowan glaciation, the ice ground up massive amounts of mid-continental
bed rock into a fine grained material that is referred to as rock flour (Morse, 1935). The
rock flour was then carried down towards the south by the Mississippi River and all
associated outflowing streams, and deposited as alluvium (Morse, 1935). Once the
22

glaciers retreated and their flood waters no longer reached as for south, the rock flour was
then windblown and transported over the Mississippi bluffs and uplands, creating the disconformed Loess capped hills in Vicksburg, Mississippi (Morse, 1935). This process
ended once the Mississippi River and the regional climate took on their modern character
(Myers et al., 2011).
The Loess is comprised of very fine silt size particles, ordinarily buff to tan, pale
yellow, red, or gray in color, and contains gastropod shells and sometimes bones of
extinct mammals throughout the unleached portions (Morse, 1941; Bicker, 1969;
Dockery et at., 2011). It is uniform in texture and has the capability to stand vertically
(Smalley, 1975). Thickness of the loess is randomly distributed and has been found at a
range of inches to hundreds of feet (Morse, 1941).The loess is fairly stable but is inclined
to failure when improperly disturbed (NPS, 1997). The structural stability of loess can be
accounted to high permeability, thin clay husks that bind the grains, and calcareous
tubule reinforcement (Snowden et al., 1968). Calcareous loess can form travertine casts
of roots that are vertically orientated within the loess, which in return can increase the
structural strength of the loess (Snowden et al., 1968). The Vicksburg loess is commonly
underlain by the gravelly sands of the Pre-Loess which facilitates ground water drainage,
in return keeping the loess oxidized and short of saturated (Lutton, 2009).
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Figure 3.9

Loess

Road cut through the Loess.

Figure 3.10

Travertine root cast

Large Peorian Loess travertine root cast found within the Loess.
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3.5

Alluvium
The youngest geologic sediment in the area are the Holocene age alluvial

floodplain deposits (Myers et al., 2011). The sediments that comprise the alluvium were
deposited by the retreat of the late Wisconsin ice sheets (Kolb et al., 1976). The melting
and retreating of the glacier ice caused the sea level to rise and fill the valley with glacial
outwash, building a sequence of braided stream substratum. As the glacial gradients
decreased along with the glaciers, the fine grained top stratum materials were deposited.
The braided rivers of the alluvial plain gradually changed into their present meandering
form, creating the floodplain of the Mississippi River (Kolb et al., 1976). Natural levees
occur along the old stream channels, controlling the patterns of the numerous creeks,
bayous, lakes, swamps, and drainage ditches (Brown, 1947).
The alluvium comprises of intermittent bed of sands, silts, gravels, and clay,
grading downward into coarser sands and eventually into fine sands and gravels
deposited by the meandering of the Mississippi River (Bicker, 1966). The deposits have
been reported with a thickness as much as 150 to 200 feet (45.7 to 61 meters) (Morse,
1941).
The Mississippi River Alluvial Plain is the most abundant agricultural area of
Mississippi. The flat terrain is well suited for crops and the latter portion comprises the
alluvial aquifer, which is vital for crop irrigation and other farm uses (Dockery et al.,
2011).
3.6

Structures
The structure of Warren County is geosynclinal; “a subsiding linear trough,

caused by the accumulation of sedimentary rock” (Prothero, 2013). The beds are higher
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towards the northeast in Mississippi from the axis, which subsequently causes the
regional dip of the formations to dip towards the southeast (Morse, 1941). The axis of the
Mississippi Embayment Geosyncline extends north-south through the eastern portion of
Warren County near Bovina, and Ballground, north of Warren County. The Delta’s Bluff
lies roughly in the line of regional strike, extending southwest-northeast (Morse, 1941).
Deformation occurs along the flanks and axis of the geosyncline due to the presence of
salt domes, igneous structure, and numerous faults. Such salt domes include The Glass
Dome, located seven and a half miles southwest of Vicksburg in Glass. The Glass Dome
created a structural high within the Glendon limestone of 160 to 250 above normal. Other
domes that cause deformation within the study site include the Vicksburg Dome and
Blakely Dome (Morse, 1941). Undulations within the Vicksburg group can be found
within the study site, such as depicted by Dockery (2012) along the east bank of the
Mississippi River (Dockery, 2012).
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Figure 3.11

Structural Features of Mississippi

Thompson (2009) map of the structural features that occur within Mississippi
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CHAPTER IV
METHODS
Mapping was conducted in the field by using basic mapping techniques as well as
collecting data from a newly produced bore hole. Outside of the filed, aerial imagery such
as LIDAR and Google Earth were utilized, as well as observing log data that was
provided. The provided data and field work was useful in producing the geologic data, as
well as updating the existing maps.
4.1

Field Methods
USGS topographic maps were issued at a scale of 1:24,000 each, which provided

a base for geologic mapping (Greely, 1963). These four maps were for the Long Lake,
Redwood, Vicksburg West, and Vicksburg East quadrangles. Mapping for this project
was conducted in the field by using basic mapping techniques such as observing and
identifying outcrops, then referencing them onto the topographic maps. Beginning in
January 2015 and throughout the year, numerous weekend and week long trips were
made to the Vicksburg study area. A longer period of time was spent in the field during
the summer from June to August, due to class scheduling during the fall and spring. This
scheduling caused some complications with field work due to overgrowth of vegetation,
as well as high waters due to large amounts of rain that occurred throughout the summer.
Therefore, multiple trips were made during the spring and winter to locate outcrops that
might have been overlooked.
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Contacts and exposures were located by driving the study area, as well as walking
creek beds and other areas that were unreachable by vehicle. Once an outcrop was
located, it was studied, the details of the outcrop were noted in a field book,
photographed, and location determined by GPS then referenced onto the topographic
map. Two areas within the study site were hand augured to obtain data where there were
no unit exposures. Samples were collected at each outcrop and stored in Ziploc bags with
the location noted on the bag to be used for future reference.

Figure 4.1

Sample bags

Samples were collected and bagged at each outcrop to be used for future referencing.
4.2

LIDAR and Aerial Photo Interpretation
Aerial imagery has been used as a tool for in mapping land use pattern and

changes (Saucier, 1994). Because some areas within the study site lacked outcrops and
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technical data, aerial images such as LIDAR and Google Earth were used to delineate the
geology. This technique also suited for areas that were unreachable by driving or
walking. The imagery was also studied to observe the change of channel drainage
direction as well as width to determine the floodplain patterns and underlying formations
outside of the Mississippi River floodplain. The LIDAR was used to verify the provided
15 minute Mississippi River floodplain map from the Army Corps of Engineers.
4.3

Log Identification
The provided geophysical and geotechnical logs were utilized in defining each

unit’s locations, thicknesses, and elevations. The locations of the logs were placed on a
map for referencing and to provide a better understanding while interpreting. Due to
some of the logs being proprietary data, they have been labeled on the maps and cross
sections as PD for ‘Proprietary Data’. The boundaries of each formation were determined
in the provided geophysical logs by comparing the Spontaneous Potential and Resistance.
The hard ledges of the Glendon Limestone produces distinctive “kicks” within the
resistivity of the electrical logs, as shown in figure 4.2 (Dockery, 1982). The lowest unit
of interest for this study was the bottom of the Vicksburg group, which overlies the
Yazoo clay; therefore the Yazoo was the best indicator for determining when the end of
the Vicksburg group had been reached.
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Figure 4.2

Glendon limestone kicks

Geophysical log K-13 provided by MDEQ, enlarged to show the three distinctive kicks of
the Glendon limestone outlined in red.
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Geotechnical logs were observed by comparing the logger’s notes to the provided
blow counts. The blow counts are important in understanding the soil properties that are
being encountered. The lower the number of blows means the material that is being
drilled though is less resistant and compacted, such as the loess in this study. Higher blow
count means that the encountered material is more consolidated and more resistant, such
as we saw with the Glendon limestone of the Vicksburg group. Images of the
geotechnical logs are not allowed to be shown, due to being proprietary data.
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Figure 4.3

Log locations

Locations of all log data provided. Quadrangles for this project are outlined in black.
Base image provided by National Geographic Society, 2013.
33

4.4

Drilling
One boring was drilled by Mississippi Department of Environmental Quality for

this research to collect fresh samples and identify the elevations and thickness of each
units being investigated. The boring site was located by identifying on the topographic
maps where existing boring data were located and field exposures that have been
identified. The areas with the least amount of data was where the new boring location
was chosen. The boring location was determined to be in the Redwood quadrangle in the
eastern portion of the map. Once a general area was determined, the site was narrowed
down to areas of high elevation and easily accessible. High elevation was an important
location factor, to ensure that each geologic unit would be encountered.
The boring was made to a depth of 420 feet using a Rotary Wash Rig. Samples
were collected at intervals of 10 feet. Each sample was examined, recorded in a field
notebook, and collected in sample bags to be used as reference later if needed. Drilling
came to a completion once the top of the Yazoo clay was encountered, then the bore hole
was logged with an electric logger. By the Mississippi Department of Environmental
quality regulations, the boring was filled with cement-bentonite grout once the drilling
and sampling was completed.
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Figure 4.4

Vinzant site drilling

Drilling with MDEQ’s Failing 1500 rig to obtain samples. Image provided by James
Starnes.
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Figure 4.5

Vinzant (V-1) geophysical log

Geophysical log for Vinzant (V-1) drill site with formation tops
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.

4.5

Previous Investigations
Previous studies such as the existing floodplain map with associated cross

sections from the Army Corps as well as literature which identified outcrops within the
Vicksburg area were used to aid in the map construction. The literature outcrop findings
were useful in determining unit locations and provided insight for areas where these once
identified outcrops no longer exist. Morse (1941) provided a structural map of the top of
the Glendon, which aided in the defining of the Vicksburg unit. Some of the provided
cross sections had interpretations with no associated data, such as logs. Those portions of
the cross sections were not used due to the inability to check the accuracy of the
interpretation.
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Figure 4.6

15 minute Army Corps of Engineers floodplain map (Kolb et al., 1968)

Here is the 1968, 15 min map of the Mississippi River floodplain which encompasses all
four quadrangles of this study.
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In the National Cemetery off Connecting Ave, there is a type locality of the Mint
Spring; this section forms a waterfall in the Mint Spring Bayou. Morse (1935) provided a
detailed photographed section, as well as a written section of the waterfall, dated January
9, 1935. The site was visited during filed investigations but was not easily accessible due
to high waters and vegetation. Morse’s (1935) description was studied for this section, he
described the waterfall to consist of 12.8 feet of Glendon limestone with 9.0 feet of
underlying Mint Spring marl (Morse, 1935).

Figure 4.7

Mint Spring type locality

Image from Morse (1935), Mint Spring type locality image with written section.
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4.6

Map and Cross Section Construction
Alluvial fans within the area have previously been recognized and digitized into

ArcGIS by MDEQ, the data was then added to the GIS portion of this project. Once all
provided and collected data was observed and recorded onto the topographic maps, the
data was then transferred into the GIS program ArcMap and digitized to produce the
finished products. The existing Corps 15 minute floodplain map and associating cross
sections were also scanned then digitized using ArcGIS. The final four maps were
produced to meet the standards of MDEQ.
The existing cross sections were updated by using new well log data and new
geologic mapping. New cross sections were created by incorporating new data with the
existing logs and correlating this data across the quadrangles. Cross sections were hand
drawn then digitized using Photoshop.
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CHAPTER V
RESULTS
Below are the produced geologic maps and associated cross sections of the Long
Lake, Redwood, Vicksburg West, and Vicksburg East quadrangles. The Long Lake
quadrangle was located within the previously mapped Mississippi River floodplain
portion and did not need any new geologic mapping, therefore the quadrangle only
needed updating. Redwood and Vicksburg West quadrangles contain a portion of the
existing floodplain map towards the west, as well as new geologic mapping in the eastern
portions. Vicksburg East is nearly all new geologic mapping, except for a small portion
of the Mississippi River floodplain located to the north-west of the map.
The previously constructed cross sections associated with the Mississippi River
floodplain map were digitized and updated for this project. The newly constructed
geologic maps and logs provided new data which aided in updating the existing cross
sections, as well as creating the new cross sections. The cross sections were created with
20X vertical exaggeration and provide well log location with depths of each log.
Proprietary data are labeled as PD and only show formation top picks within the cross
sections.
The updated and newly constricted cross sections provided evidence of three
possible terraces found at elevations of 100 feet, 150 feet, and 200 feet. The terrace at an
elevation of 100ft located against the western bluffs of Vicksburg, is believed to be
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associated with the modern day floodplain. The elevation differences and orientation at
elevations 150ft and 200ft are evidence of other streams operating at different levels
below the loess cover, prior to the modern day Mississippi River. The logs combined also
show evidence of a higher terrace that is not well defined, which runs through the
northern section of Vicksburg East quadrangle.
Morse, 1941 created a contour map of the top of the Glendon limestone within the
Vicksburg group. In the Morse, 1941 map, there is a structural high of the Glendon
located towards the east in the Vicksburg West quadrangle and towards the west in the
Vicksburg east quadrangle. This structural high is represented in the newly produced
geologic maps and cross sections. The Morse, 1941 contour map supports data collected
in the field during this study, which determined the structurally high area of the Glendon
in the Vicksburg group to have no overlying formations from the Catahoula or the PreLoess.
These cross sections also provide evidence of the general dip of the units are
towards the east, due to the geosyncline, as well as towards the south due to the Gulf of
Mexico being south of Vicksburg when the formations were originally being deposited.
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Figure 5.1

Map and cross section legend

This legend provides symbology description for all maps and cross sections.
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Figure 5.2

Long Lake Quadrangle geologic map

Updated Long Lake quadrangle of the Army Corps of Engineers Mississippi River
floodplain map.
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Cross section A-A’ located in the Long Lake quadrangle begins in the north-east
by Eagle Lake and extends into the east edge of the Redwood quadrangle. The Long Lake
A-A’, B-B’, C-C’, and D-D’ cross sections were modified from the existing cross
sections for the 15 minute Mississippi River floodplain map, constructed by Kolb, 1968.

Figure 5.3

Cross Section A-A’ Long Lake

Cross section A-A’ located in Long Lake, modified from (Kolb et al., 1968).
Cross section B-B’ starts in the west side of Long Lake and extends across the
floodplain into Redwood.
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Figure 5.4

Cross Section B-B’ Long Lake

Cross section B-B’ located in Long Lake, modified from Kolb 1968.
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Cross Section C-C’ of Long Lake starts from the north-east corner of Long Lake,
near Eagle Lake, and extends south into the Vicksburg East quadrangle. C-C’ covers only
the modified flood plain from Kolb, 1968.
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Cross Section C-C’ Long Lake

.

Cross section C-C’ located in Long Lake, modified from (Kolb et al., 1968).

Figure 5.5
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Cross Section D-D’ begins in the Vicksburg East quadrangle in the south near
Hennessey Bayou and extends northward into the Long Lake quadrangle, reaching Stouts
Bayou. D-D’ is modified from Kolb, 1968. These original floodplain maps provide
insight to how the rivers course has changed throughout time by showing geologic
features such as abandoned channels, point bars, and alluvium.
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Cross Section D-D’ Long Lake

Cross section D-D’ located in Long Lake, modified from (Kolb et al., 1968).

Figure 5.6
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Figure 5.7

Redwood quadrangle geologic map

Geologic map of the Redwood quadrangle with modified floodplain of Kolb, 1968 and
new geologic mapping.
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Cross section C-C’ begins in the south-west of Redwood and extends east, then
north-east. C-C’ and D-D’ in Redwood are newly constructed cross sections of the area.
C-C’ provides evidence of the formations regional dip being towards the south east.
Evidence of different levels of terraces can also be seen.
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Cross section C-C’ Redwood

Newly constructed cross section C-C’, located within the Redwood quadrangle.

Figure 5.8
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Cross section D-D’ incorporated the newly drilled geophysical log provided by
MDEQ, represented at V-1. D-D’ begins in the northern part of Redwood, extending
south-east into the Vicksburg East quadrangle. The south-east regional dip of formations
can be seen within the cross section, as well as terraces at different elevations. This
provides evidence of river working at different levels before the modern day Mississippi
River. At well PD in D-D’ there is Pre-Loess found at an elevation of 100ft, this terrace is
believed to be associated with the modern day Mississippi River floodplain.
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Cross section D-D’ Redwood

Newly constructed cross section D-D’, located within the Redwood quadrangle.

Figure 5.9
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Figure 5.10

Vicksburg West geologic map

Geologic map of the Vicksburg West quadrangle with modified floodplain of Kolb, 1968
and new geologic mapping.
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Cross section E-E’ beings in the floodplain and continues towards the east
through the creek, this cross section was modified from Kolb, 1968. E-E’ shows a large
portion of the Vicksburg group, with no overlying Catahoula or Pre-Loess. Through field
investigations, previous research, and the interpretation of log data, it was found that
there is a portion of the Vicksburg group that sits at a structural high within the east of the
Vicksburg West quadrangle and the west of the Vicksburg East quadrangle. This area of
no overlying formations of the Catahoula or Pre-Loess can be seen in section E-E’.
Catahoula begins to be exposed again at about 6 miles from E-E’, but still with no
overlying Pre-Loess. The original Kolb, 1968 cross section had Pre-Loess overlying the
Catahoula, new investigations have determined this to be inaccurate and the updates can
be seen in the modified E-E cross section. The original Kolb, 1968 cross sections can be
viewed in Appendix C.

57

Figure 5.11

Cross section E-E’ Vicksburg West

Cross section E-E’ located in Vicksburg West, modified from (Kolb et al., 1968).
Cross section A-A’ starts in the north-east near the Mississippi River in Vicksburg
West and extends eastern into the bluffs near Durden Creek. A-A’ is modified from Kolb,
1968. This cross section was modified to include one terrace at 100 ft, which is believed
to be associated with the modern day Mississippi River floodplain. Once A-A’ reaches
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the bluffs, it encounters the structural high of the Vicksburg formation with no overlying
Catahoula of Pre-Loess.

Figure 5.12

Cross section A-A’ Vicksburg West

Cross section A-A’ located in Vicksburg West, modified from (Kolb et al., 1968).
Cross section B-B’ begins in the northern part of Vicksburg West and extends
south west, crossing the Mississippi River. B-B’ is only located within the floodplain and
was modified from Kolb, 1968.
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Figure 5.13

Cross section B-B’ Vicksburg West

Cross section B-B’ located in Vicksburg West, modified from (Kolb et al., 1968).
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Figure 5.14

Vicksburg East geologic map

Geologic map of the Vicksburg East quadrangle with modified floodplain of Kolb, 1968
and new geologic mapping.
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Cross section A-A’ begins in the west of Vicksburg East and extends north-east.
A-A’ is a newly constructed cross section for this study and shows the structural high of
the Vicksburg group towards the west with no overlying Catahoula or Pre-Loess
formations. The cross section also provides evidence of the regional dip of formations
dipping towards the south east.
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Cross section A-A’ Vicksburg East

Newly constructed cross section A-A’, located within the Vicksburg East quadrangle.

Figure 5.15
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Cross section B-B’ is a newly constructed cross section for this research. The
cross section begins in the south-east and extends towards the north-west. The cross
section shows the regional dip of beds dipping towards the south east and the evidence of
different levels of terraces. Towards B’, the Catahoula formation begins to thin out,
which is expected due to the cross section reaching the Vicksburg group structural high
within the area.
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Cross section B-B’ Vicksburg East

Newly constructed cross section B-B’, located within the Vicksburg East quadrangle.

Figure 5.16
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Cross section C-C’ is a newly constructed cross section. The section begins in the
eastern portion of Vicksburg West and extends towards the southeast in Vicksburg East.
C-C’ shows the area of Vicksburg formation with no overlying Catahoula or Pre-Loess,
with the regional dip of beds dipping towards the southeast.
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Cross section C-C’ Vicksburg East

Newly constructed cross section C-C’ located in Vicksburg East.

Figure 5.17
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Cross section D-D’ beings in the north-east portion of Vicksburg East and extends
south, with the regional dip of beds dipping towards the southeast.

Figure 5.18

Cross section D-D’ Vicksburg East

Newly constructed cross section D-D’, located within the Vicksburg East quadrangle.
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CHAPTER VI
DISCUSSION
The existing Mississippi River floodplain map needed updating, due to the
availability of new data such as new geologic mapping, LIDAR, and
geotechnical/geophysical logs. Existing cross sections associated with the 15 minute
floodplain map were modified and updated, the original Kolb, 1968 constructed cross
sections can be found in Appendix C. The resulting maps provide insight and
understanding of the geology in and out of the Vicksburg National Military Park. These
maps can be utilized in historical understanding, natural resources, and engineering
purposes. The updated floodplain map provides the ability to plan for flood hazards and
flood mitigation.
6.1

Terraces
The updated and newly constructed cross sections provide evidence of three

possible terraces, with one believed to be associating with the modern day Mississippi
River. Additional data would need to be collected in order to define the possible terraces.
The cross sections also provide evidence supporting previous literature of the regional dip
of the formations are towards the southeast.
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6.2

Previous Investigations
The previous literature included outcrops that no longer stand due to erosion and

mining. New outcrops have been found within the area, stratigraphic sections of these
outcrops are located in Appendix A. Morse (1935) describes a section along the
Waltersville-National Cemetery Road. The section contained 21.0 feet of Loess, 14.0 feet
of Pre-Loess, 26.0 feet of Catahoula, 44.5 feet of Byram marl, 17.0 feet of Glendon, and
3.0 feet of undetermined (Morse, 1935). This section was also previously discussed by
Cooke, 1921 and was described as “The best and most complete outcrop” (Cooke, 1921).
This site was visited during the study of this research, but is now no longer a prominent
outcrop. The outcrop has been eroded away and is now covered in vegetation and soil;
the only exposure of the section is part of the Byram, located in a small ditch along the
side of the road.
Morse, 1941 contour map of the top of the Glendon limestone shows a structural
high in the Glendon, this high is reflected in the new geologic map of Vicksburg East and
Vicksburg West quadrangles. The contour map was utilized in defining the area of
Vicksburg group in the Vicksburg East and Vicksburg West quadrangles where there is
no over lying units of Catahoula or Pre-Loess, due to the structural high of the Vicksburg
group.
The Kolb, 1968 previously constructed cross sections needed modifying due to
new data providing more detail to the area. It was also found that the published cross
sections were incorrectly labeled, these errors were revised within this study.
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6.3

Significance
The produced geologic maps provide visual representations of geologic features

and process occurring within the park, as well as providing research, technical assistance,
and education to federal land management and research agencies. This project provides
information that can be used to address resource issues and interdisciplinary problem
solving. The National Park Service utilizes GIS to analyze mapped data and discover how
they interact with one another (Henerey et al., 2004). This technology offers the Park
Service the ability to understand, plan, protect, and evolve the park and park management
(Henerey et al., 2004).
6.3.1

Natural Resource
Primary resources in Warren County have been sand, gravel, clay, natural gas and

oil; due to the absence of metallic minerals in Mississippi (Morse, 1941). Sand and gravel
are the top sales of Mississippi’s industrial minerals, which are used for road metal and
concrete aggregate (Dockery et al., 2008; Morse, 1941).
The marls and impure limestones of the Vicksburg are the most valuable mineral
resources of Warren County. The Glendon limestone is used for agricultural lime, due to
the Glendon not being pure enough for quick lime or hydrated lime production. The
limestone and interbedded clay-marls and sand-marls can be pulverized together to be
used on agricultural lands with lime deficiencies. The limestone is also ideal for and has
been used in the past for the production of natural cement (Morse, 1941).
The majority of domestic water use is pumped from shallow wells (Laswell,
1964). According to the Warren County Mineral Resources, some of the water wells in
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the Warren County area derive their water from the Mint Spring of the Vicksburg group
(Morse, 1941).
Dockery (2011) distinguishes the Vicksburg formation as a natural resource for
oil and gas, it “is recognized by the oil exploration industry around the North Gulf”
(Dockery et al., 2011). The domes located in Warren County were an exploration target
for oil and gas, dating from as far as 1930 (Morse, 1941).
Loess can be excavated and reworked to be used as constriction fill for roads and
other engineering fill sites (Murphy, 1996).
The newly provided geologic maps help to better define and understand the
locations of prominent natural resources and how they can be utilized as well as
determining areas where resources are not abundant or useful.

72

Figure 6.1

Economic Minerals Map of Mississippi

Thompson (2009) natural resource map showing the distribution of Mississippi’s mineral
resources.
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6.3.2

Slope Mitigation
Slope failure has been an ongoing issue in and out of the park (Myers et al.,

2011). The absorbent nature of the Bucatunna clays have been the cause of some of the
largest landslides over the last decade within Vicksburg (Myers et al., 2011).
Loess has a history of failing; more than 60 loess failure cases were documented
in 1963 through 1969 (Lutton, 2009). One of the unique characteristics of loess is its
ability to stand vertically (Moore, 1968). Failure of the loess commonly occurs due to
improper sloping and disturbance of the loess; naturally, loess cuts into near vertical
slopes, less than near vertical is subjected to rapid erosion (Murphy, 1996). If cut at a low
angle, the slope must immediately be sodded to prevent erosion (Moore, 1968). Failure
can also be attributed to gullies and piping that occur when the loess becomes
oversaturated from water accessing cavities; this process is known as subsidence
(Murphy, 1996). Subsidence can also occur from active block caving and abandoned
mines (Lutton, 2009). Stream migration producing erosional undercutting in the loess, as
noted by Lutton, 2009 can cause failure; such process has occurred on U.S 61, south of
Washington Street intersection within Vicksburg (Lutton, 2009).
The updated and newly produced geologic maps aid in mitigation planning. The
cross sections can be utilized by anyone in construction management by identifying areas
within the cross sections that are located on of beds of hazardous units, such as the loess.
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Figure 6.2

Loess slope mitigation

Loess is cut into benches to mitigate possible slope failure.
6.3.3

Historical Significance
The geology of Vicksburg, Mississippi influenced the campaigns and battlefields

of the American Civil War. The terrain was critical to many military tactics for both the
Union and Confederates; it was utilized for defensive techniques, communication and
supply routes, as well as the maneuvering of troops (Higgins et al., 2001). The resulting
maps provide insight into the influences of the geology and a better understanding of the
circumstances of events. The park service utilizes GIS to link park management and
cultural resources, which helps to improve historical preservation of the park and allow
the park to restore key landscapes as they existed in 1863, providing guests with a better
understanding of the battles that occurred within the Vicksburg National Military Park
(Henerey et al., 2004).
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Some Native American effigy pipes have been found to be carved out of the
Glendon limestone. Dockery (2016) determined that the Glendon was recognized as the
material for the pipes by identifiable “wafer-like cross sections of the large Forminifera
Lepidocyclina supera”. Dockery (2016) also reported there are five known pipes that
have been discovered in Emerald Mound near Natchez, Mississippi, as well as others that
have been found in Northern Alabama (Dockery et al., 2016). Within the study area,
Native American pottery was found within creek beds and are shown in figure 6.3.

Figure 6.3

Native American Pottery

Fragments of Native American Pottery found within the study area.
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CHAPTER VII
CONCLUSION
Data collected such as drill hole data and maps at other scales were utilized during
field mapping to help produce the finished 7.5 min scale maps. This project delivers new
and updated surficial geologic maps of the four quadrangles in and around the Vicksburg
National Military Park, which can be utilized to solve interdisciplinary problems such as
those trying to locate resources, and enhancing slope mitigation. Newly constructed cross
sections provide data showing the modern loess topography appears to be reflected by the
underlying pre-loess terrace deposits. The combined maps and cross sections also reflect
the possible appearance of multiple terraces.
Further research can be conducted to understand the Pre-Loess systems as well as
new drill hole data can be collected in areas of minimal data to further define the
underlying geology.
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STRATIGRAPHIC SECTIONS
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Figure A.1

Vicksburg type locality

Eddie Templeton’s stratigraphic section of the Vicksburg formation, located in the
Mississippi valley Portland Cement Co.
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Figure A.1 (continued)
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Figure A.2

Sections

Sections from field notes located within the four quadrangles
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Figure A.2 (continued)
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Figure A.2 (continued)
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Figure A.2 (continued)
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Figure A.3

V-1 (Vinznat) stratigraphic section

Driller log of Vinzant boring location drilled for this project.
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Figure A.3 (continued)
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FIELD IMAGES
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Figure B.1

Byram Fossils

Common fossils found within the Byram marl of the Vicksburg formation
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Figure B.2

Pre-Loess gravel deposit

Gravel deposits from the Pre-Loess
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Figure B.2 (continued)
Gravel deposits from the Pre-Loess

93

Figure B.3

Loess Specimen

Specimen found within the Loess
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Figure B.4

Loess failure

Dr. Darrel Schmitz standing on top of a failure within the Loess, which caused this
concrete drainage to displace.
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Figure B.5

Bucatunna-Byram contact

Contact of the Bucatunna and Byram, contact is located below the hammer.

96

Figure B.6

Mint Springs type locality

Mint Spring type locality located at Mint Springs Bayou within the park.
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CONTRIBUTING DATA IMAGES
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Figure C.1

LIDAR

Available LIDAR data for the study area provided by NPS.
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Figure C.2

Warren County Glendon contour map (Morse, 1941)

Morse (1941) contour map of the top of the Glendon limestone within the Vicksburg
group..
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Figure C.3

Siege of Vicksburg Map (Morse, 1935)

Morse (1935) ‘Map of the Siege of Vicksburg’, showing the tight horseshoe like bend of
the Mississippi River during 1863.
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Figure C.4

Kolb, 1968 cross section A-A’ Long Lake

Kolb, 1968 original cross section located in Long Lake.
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Figure C.5

Kolb, 1968 Cross section B-B’ Long Lake

Kolb, 1968 original B-B’ cross section located in Long Lake
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Figure C.6

Kolb, 1968 cross sections C-C’ and D-D’ Long Lake and Vicksburg West

Kolb, 1968 original cross sections C-C’ and D-D’ located in Long Lake and Vicksburg
West
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Figure C.7

Kolb, 1968 cross sections A-A’ and B-B’ Vicksburg West

Kolb, 1968 original cross sections A-A’ and B-B’ located in Vicksburg West
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Figure C.8

Kolb, 1968 cross section E-E’ Vicksburg West

Kolb, 1968 original cross section E-E’ located in Vicksburg West
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